In this paper, according to the monitoring needs of CO 2 geological storage engineering, a set of infrared monitoring device for monitoring CO 2 concentration was designed, and its control module was designed in detail to improve the quality of CO 2 detection and provide a safety guarantee for the development of CO 2 geological storage, thus promoting Carbon Capture and Storage-CCS, The project is advancing towards industrial application.
Introduction
In the past 40 years, with the development of industrial production, the continuous burning of fossil fuels and oil and gas causes a large amount of CO 2 to be absorbed into the atmosphere, resulting in the Green effect. In the face of the harsh reality of drastic changes in living environment, the control of greenhouse gases cannot be fundamentally solved by only slowing down carbon dioxide emissions. Therefore, permanent sequestration of the carbon dioxide produced has become the trend of global carbon emission reduction. Carbon Capture and Storage-CCS technology is a carbon sequestration technology that separates CO 2 from industrial production, compresses and transports it, and sequels it into deep underground structures. Monitoring of CO 2 in surface soil and atmosphere is an important guarantee for the smooth development of CO 2 geological storage project. Long-term monitoring of CO 2 in surface soil and atmosphere can not only help determine whether there is leakage in the geological repository and determine the escape path and amount of CO 2 , but also provide data support and risk assessment for the analysis of the impact of CO 2 geological storage on the surrounding environment.
General Frame of Monitoring Device
The infrared CO 2 monitoring device in this paper is based on the principle that there is a huge difference in the absorption capacity of CO 2 to different light intensity infrared rays. The advanced NDIR gas analysis technology is applied to realize the quantitative measurement of CO 2 concentration on the basis of lambert-beer law. It is mainly composed of sample gas acquisition module, infrared analysis module and monitoring and control module. Its overall framework is shown in figure 1. The sample gas acquisition module realizes the extraction of CO 2 in the monitoring environment through the change of the gas path structure, removes the influence of water vapor impurities on the monitoring device, and lays a foundation for the subsequent analysis and determination of CO 2 concentration. Seven sampling probes were installed at horizontal heights of -0.4m, -0.1m, 0.2m, 0.5m, 0.8m, 0.8m, 1.1m and 1.4m respectively from the ground to collect CO 2 gas samples at different levels at the same place. Under normal conditions of measurement, the system circulates sampling from different sampling points according to a preset program according to a certain sampling time and sampling interval. The sample gas first passes through the sampling probe to remove the dust, and then through the drying filter to remove most of the free water in the sample gas, and then the infrared analysis module is introduced.
The infrared analysis module USES NDIR gas analysis technology to measure the CO 2 concentration through the absorption degree of CO 2 to the infrared radiation of specific wavelength, and submit the electrical signal representing the CO 2 concentration to the follow-up monitoring and control module for processing. In order to meet the requirement that the spectral range of the infrared light source must cover the absorption section to be measured, IRL715 type infrared light source is selected in this paper as the infrared light source providing radiation energy. The wavelength of the light it emits is within the range of 5 m from visible to infrared, and the band of 3.5~4.5 m is very suitable for CO 2 detection and low frequency modulation. In this paper, the infrared pyroelectric sensor ae-s708 is selected, which has wide spectrum response, no external bias, can detect transient signals, and can be loaded with filters of different wavelengths as required.
The initial infrared energy emitted by the infrared light source is, which changes into after passing through a gas chamber with a length of. If there is CO 2 gas absorbing infrared energy in the gas chamber, the energy absorption characteristics satisfy the lambert-beer law, as shown in equation (1): (2) In the use of infrared absorption spectroscopy for CO 2 gas concentration measurement, the characteristics of CO 2 gas absorption wavelength of 4.26 microns, that means 4.26 micron infrared energy of carbon dioxide has a strong absorption, the selected wavelength of 3.96 microns for reference wavelength, so that we can effectively eliminate the impact of optical elements reflect or absorb light energy, because the CO 2 and infrared radiation in the area do not interact.
When infrared light passes through the filter, the two output light intensity signals 1 I are CA I and CB I absorbed by CO 2 characteristics, respectively. When the length of the gas chamber L is fixed, it can be seen from equation (2) that the change of gas concentration can be calculated by measuring CA I and CB I , and then the gas concentration C can be measured.
Monitoring Control Module
The monitoring control module is mainly used to realize the functions of information collection, storage, display and control, and is the "brain" of the CO 2 infrared monitoring device.It is an intelligent system based on microprocessor. Figure 2 shows its overall structure.
Signal Processing Circuit
The signal conditioning circuit is composed of filtering circuit, amplifying circuit, A/D conversion circuit and other parts to complete the filtering, amplifying and A/D processing of the electrical signals collected by the infrared analysis module. The design of the filtering circuit is shown in figure 3 .In this paper, in order to amplify the weak signals output by AE-S708, the CO 2 output channel adopts a two-stage amplification circuit to ensure the detection accuracy, as shown in figure  4 .Since the reference channel signal is not affected by CO 2 absorption, the differential circuit as shown in figure 5 is adopted to eliminate the influence of other factors to ensure the accuracy of measurement results.
Microprocessor Selection
At present, most microprocessors use single-chip microcomputer system, the most common is the 89 series of single-chip microcomputer produced by ATMEL company, but with the application of embedded structure, the intelligent single-chip microcomputer [5] produced by ARM company has been widely used in practice. In Figure 2 . The monitoring and control module structure frame process diagram. 
Light Source Drive Circuit
The microprocessor receives the signal from the input channel, processes it, outputs it to the storage and displays it by the display device, and completes the data transmission with the upper computer through the serial communication interface; in the sample gas acquisition module, the microprocessor drives and modulates the voltage regulator of the light source IRL715 through the drive circuit as shown in figure 6 . The microprocessor can also be controlled through the key setting of the input keyboard [5] [6] . Figure 6 . The light source driving circuit.
Software Design of Monitoring Device
CO 2 monitoring device by CO 2 information acquisition and data collection process is complete after data preprocessing data handler to the A/D conversion, data extraction, data correction work, handle good data through data store display program data stored in the memory and display through A display device, the monitoring device by data sending program to transmit data to the GPRS wireless module. For example, when controlling the data collection of the monitoring device, the resolution of the sensor is firstly debugged, and then the microcontroller issues a set of driving sequence instructions for initialization of transmission. Send a set of measurement commands, such as' 00000101 'for the CO 2 signal to be measured and' 00000011 'for the reference CO 2 signal. After the comparative calculation of the two signals, the CO 2 concentration signal will be obtained. After the measurement, the data will be received at the same time, and the output measurement value will be read and converted into physical quantity, The control flow is shown in figure 7 .
Part of the program code of the data receiving and sending program is as follows: 
Conclusion
Four monitoring devices were placed at a horizontal distance of 1m around the CO 2 storage well, respectively in the east, west, south and north directions of the storage. Sample gas acquisition module structure design can make the device at the same time, same place collected 7 different levels high CO 2 concentration of the sample gas, through the analysis of 4 x 7 sample gas and data processing, 28 can get the same time, the different horizontal and vertical position of the CO 2 density, CO 2 escape route for analysis and ensure the distribution in the environment. The CO 2 monitoring device is constructed with non-dispersive infrared technology and modular structure, which improves the accuracy of CO 2 collection and ensures the accuracy of data. 
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